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MANUFACTURE OF SEMICONDUCTOR DEVICE 

Pub. No.: 01-047055 [JP 1047055 A ] 
Published: February 21, 1989 (19890221) 
Inventor: HORH TADASHI 

Applicant: SANYO ELECTRIC CO LTD [000188] (A Japanese Company or Corporation), JP (. 
Application No.: 62-204354 [JP 87204354] 
Filed: August 18, 1987 (19870818) 

INTL CLASS: International Class: 4 ] H01L-021/90; H01L-021/95 
JAPIO Class: 42.2 (ELECTRONICS - Solid State Components) 

Journal: Section: E, Section No. 769, Vol. 13, No. 246, Pg. 55, June 08, 1989 (19890608) 
ABSTRACT 

PURPOSE: To prevent a conductive layer from decreasing in dimension and increasing in resistan> 
wherein a silicate glass layer is applied to the conductive layer face provided onto one face of a sei 
and the coated layer is subjected to a heat treatment in an oxidizing atmosphere to make its face fl; 
oxynitride layer is interposed between the silicate glass and the conductive layer. 

CONSTITUTION: A superficial insulating film 2 is provided onto the surface of a semiconductor 
conductive layers 3 and 3 are selectively formed. A silicon oxide layer 4 is built on the semiconduc 
including the conductive layers 3 and 3. A silicon oxynitride layer 5 is formed in film covering the 
silicon glass layer 6 is formed covering the surface of the silicon oxynitride layer 5. A laminated be 
silicon oxide layer 4, the silicon oxynitride layer 5, and the silicate glass oxide 6 which covers the c 
3 is subjected to a heat treatment in the oxidizing atmosphere of 0(sub 2) gas alone or 0(sub 2) g; 
gas and thereby the silicate glass layer 6 is made to be fluidized to flow, so that the large steps on 1 
be leveled to be flat. 
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SPECIFICATIONS 

1. Name of Invention: Method of Manufacturing 
Semiconductor 

Device 

2 . Scope of Patent Application 

(1) A method of manufacturing a semiconductor device 
which is characterized by including a process to flatten 



the surface by coating with silicate glass one surface of a 
conductive layer emplaced on a surface of a semiconductor 
substrate and heat-treating said silicate glass layer in an 
oxidizing atmosphere to install a layer of silicon oxy- 
nitride between the above-noted silicate glass layer and 
the conductive layer. 

(2) A method of manufacturing the semiconductor device 
described in Item 1 of Scope of Patent Application, which 
is characterized by the above-noted silicate glass being a 
phospho-silicate glass. 

(3) A method of manufacturing the semiconductor device 
described in Item 1 of Scope of Patent Application, which is 
characterized by the above-noted silicate glass including a 
phospho-silicate glass that contains boron. 

(4) A method of manufacturing the semiconductor device 
described in Items 1 through 3 of Scope of Patent Applica- 
tion, which is characterized by the refractive index of the 
above silicon oxynitride layer being about 1.67 to 1.87. 

3 . Detailed Explanation of Invention 

(a) Field for Commercial Utilization: This invention 
relates to a method of manufacturing a semiconductor device 
which has a surface-flattening process by heat treatment in 
an oxidizing atmosphere. 

(b) Usual Technology: With the increase in density of 
semiconductor devices, the structure of their wiring has 
changed from single-layer wiring to multilayer wiring. The 
problem in forming multilayered wiring structures is how to 
form the interlayer dielectric film installed between the 
first and second wiring layers. I.e., if one proceeds to 
deposit the interlayer dielectric film on the step of the 
first layer part with the wiring and the part without the 
wiring, it will cause the defect that when the wiring 
material of the second layer is formed the wiring of that 
second-layer wiring will break at that stepped part. 

Hence, one needs to have an interlayer dielectric material 
that not only has good dieletric properties but also, in 
light of the above-noted step, good flattening properties. 

According to the previous techniques indicated on pp. 71-86 
of the September 1985 issue of Nikkei Microdevice, phospho- 
silicate glass (hereafter abbreviated to PSG) or PSG 



containing boron (boro-phospho-silicate glass, hereafter 
abbreviated to BPSG) is used for the above-noted interlayer 
dielectric material and is made to reflow once the film is 
applied, thus flattening the surface. 

Figures 6 and 7 are generalized diagrams illustrating 
flattening by reflow of such PSG and BPSG. Figure 6 shows 
the situation before reflow; Figure 7 shows the situation 
afterward. In Figure 6's reflow situation, conductive 
layers (3) (3) are installed to take the first layer's 
wiring, etc., of polysilicon (hereafter abbreviated to 
pSi), tungsten silicide (WSi 8 )* or the like, with surface 
insul- ating film (2) of silicon oxide film or the like 
covering one surface of semiconductor substrate (1) of 
silicon or the like. One surface of semiconductor 
substrate (1) including the surface of these conductive 
layers (3) (3) is covered by interlayer dielectric film (7) 
consisting of silicate glass, such as the above-noted PSG, 
BPSG or the like. 

Next, reflow is done on above-noted interlayer dielectric 
film (7), moderating and flattening the step of the exposed 
surface caused by underlying conductive layers (3) (3), as 
in Figure 7. Due to such things as its getting bigger, 
such a reflow of interlayer dielectric film (7) is done in 
an oxidizing atmosphere of oxygen gas alone or mixed oxygen 
and hydrogen for heat treatment at some 600-1000EC or more. 

While interlayer dielectric film (7) of silcate glass can 
easily have its surface flattened by the above-described 
heat treatment in an oxidizing atmosphere, that generates 
such new problems as reductions in conductive layer (3) (3) 
thickness, width, etc., and increases in wiring resistance 
because of oxygen diffusing with the heat treatment in such 
an oxidizing atmosphere, oxidizing the surface of 
conductive layer (3) (3) below and forming dielectric layer 
(8) (8) . 

In light of such problems, this inventor devised the method 
shown in Figure 8: prior to reflow by heat treatment in an 
oxidizing atmosphere, installing non-monocrystalline 
silicon layer (9) formed by such things as polysilicon or 
non- crystalline silicon to enclose silicon oxide layer (4) 
between conductive layers (3) (3) and silicate glass layer 
(6) so that, when heat treating to flatten, the non-mono- 
crystalline silicon layer (9) will consume by oxidation the 
oxygen diffusing into silicate glass layer (6) and prevent 



its reaching underlying conductive layers (3) (3) . The 
patent on this was applied for on August 6, 1987. 

Still, although above-noted non-monocrystalline silicon 
layer (9) works effectively as a blocking layer against 
oxygen diffusion, if such oxidation into the film is 
stopped 

at midpoint by non-monocrystalline silicon layer (9)'s 
oxygen consumption so that not all is replaced by silicon 
oxides, some of non-monocrystalline layer (9) will remain 
in the film. Then in later processing when doing 
lithography 



* [Translator ' s note: Subscript valences in this text often were unclear 
and so may have been read incorrectly.] 

to form a contact with semiconductor substrate (1) one will 
have to do multiple etchings with differing etchants. 
I.e., if oxidation of non-monocrystalline layer (9) ends 
midway, conductive layers (3) (3) will have reduced 
operability in the above-noted later processing by becoming 
an interlayer dielectric film made up of four layers--non- 
monocrystalline silicon layer (9), the silicon oxide layer 
from the substi- tution and silicate glass layer (6), or a 
laminate of three layers when seen from the aspect of the 
etchant . 

Hence, oxidation of non-monocrystalline silicon layer (9) 
must effect a complete substitution of oxides of non-mono- 
crystalline silicon layer (9) while blocking oxygen diffus- 
ion into underlying conductive layers (3) (3) , requiring 
strict manufacturing conditions. 

(c) Problems the Invention Seeks to Resolve 

This invention seeks to resolve the problems that if one 
uses only silicate glass, whose surface readily flattens as 
an interlayer dielectric film, but lets the underlying 
conductive layer surface to be oxidized in creating the 
insulative layer, that invites such things as increased 
wiring resistance due to size reductions in this conductive 
layer, and also demands strict manufacturing conditions in 
positioning a non-monocrystalline silicon layer between the 
conductive layer and the silicate glass to block oxidation 
of the above-noted conductive layer surface. 



(d) Means to Resolve Problems 



To resolve the above problems, this invention is charac- 
terized by including a process to cover with a silicate 
glass layer the surface of a conductive layer positioned on 
one surface of a semiconductor substrate and to heat treat 
that silicate glass layer in an oxidizing atmosphere so as 
to flatten its surface, and to emplace a silicon oxynitride 
layer between the above-noted silicate glass layer and the 
conductive layer. 

(e) Effects 

As described above, by placing a silicon oxynitride layer 
between the silicate glass layer and the conductive layer, 
this silicon oxynitride layer will funtion as a diffusion- 
blocking layer that keeps oxygen from diffusing into the 
underlying conductive layer during heat treatment in an 
oxidizing atmosphere for flattening. Also, it can be 
etched by the same etchant as the silicate glass because 
its etching rate does not greatly differ from that of the 
silicate glass. 

(f) Application Example 

Below, I will describe in detail the manufacturing method 
of this invention's semicconductor device, based upon the 
application example illustrated in Figures 1 through 5. 

First, in the Figure 1 process, lOOD-thick surf ace-insulat 
-ing film (2) of silicon oxide is installed on the surface 
of semiconductor substrate (1) of, e.g., silicon already 
having the prescribed doping by determined impurities of a 
conductive type. Then, one selectively forms conductive 
layers (3) (3) of such material as p-Si or WSi 8 to handle 
such things as the first-layer wiring. 

In the Figure 2 process, silicon oxide layer (4) is formed 
on one surface of semiconductor substrate (1) and the 
surfaces of above-noted conductive layers (3) (3) . This 
silicon oxide layer (4) is laminated by well-known low- 
pressure CVD to a thickness of 2000D at about 600EC. 

In the Figure 3 process, silicon oxynitride layer (5) is 
formed 1000-1500D thick to cover the surface of silicon 
oxide layer (4). This silicon oxynitride layer (5) is 
derived by low-pressure CVD at a substrate temperature of 
some 700EC with starting materials, for instance, of . 



SiH CL + NO + NH + N gas. 

4 8 3 4 2 ^ 



In the Figure 4 process, PSG, BPSG or similar silicate 
glass is formed about 6000-10, 000D thick to cover the 
surface of silicon oxynitride layer (5) . When it is PSG, 
for instance, this silicate glass layer (6) is derived by 
normal-pressure CVD at a substrate temperature of about 
450EC with mixed gases of SiH 4 and oxygen added to PH 3 gas. 
Also, when it is BPSG, it is formed under like conditions, 
but B 2 H 6 gas is added to the starting material. This 
silicate glass layer (6) of PSG or BPSG may be formed by 
methods other than the above-noted ordinary-pressure CVD. 

The surface of silicate glass layer (6) thus obtained is 
much affected by the presence of underlying conductive 
layers (3) (3) in that they have a large step. 

In the Figure 5 process, the laminate of silicon oxide 
layer (4) covering conductive films (3)(3)'s surface, 
silicon oxynitride layer (5) and silicate glass layer (6) 
are kept for about 30 minutes at about 800-1000EC in an 
oxidizing atmosphere consisting of oxygen gas alone or a 
mixture of oxygen and hydrogen gases. In this heat- 
processing, silicate glass layer (6) becomes fluid and 
reflows, as a result of which the large surface step 
becomes ameliorated and the surface flattened. So, the 
"flattening" mentioned in this invention does not mean 
forming a totally flat surface, but means it has become 
closer to a flat surface compared to its condition before 
the treatment (processing) . 

Now, what must be noted in this flattening process is that, 
instead of the usual non-monocrystalline silicon layer (9), 
silicon oxynitride layer (5) has been interposed between 
conductive layers (3) (3) --the cause of the under layer 
stepping — and silicate glass layer (6) which is being 
reflowed. I.e., in the usual method, which lacks both 
non-monocrystalline layer (9) and silicon oxynitride layer 
(5), doing the heat treatment in an oxidizing atmosphere 
for the flattening process shifts and diffuses the gas 
through interlayer dielectric film (7) which, as shown in 
Figure 7, consists of silicate glass. That oxidizes the 
surface of substances such as P-Si, WSi 3 and conductive 

layers (3) (3), making them dielectric. 

In particular, it helps the manufacturing process when 



interlayer dielectric film (7) consists of BPSG and some 
hydrogen gas is included in the mainly oxygen oxidizing 
atmosphere, making a low-temperature reflow possible. On 
the other hand, the hydrogen gas plays a catalytic role in 
oxidizing conductive layers (3) (3), inducing much 
oxidation. 

Also, in the Figure 8 method, whereby non-monocrystalline 
silicon layer (9) was laid on, one had to set up strict 
manufacturing conditions to completely substitute the 
silicon oxides of that non-monocrystalline silicon layer 
(9) while preventing oxidation of the surface of conductive 
layers (3) (3) as described above. 

By contrast, in the Figure 5 application example of this 
invention, silicon oxynitride layer (5) is used in lieu of 
above-noted non-monocrystalline silicon layer (9) and not 
only keeps the diffused oxygen from being used up, as with 
non-monocrystalline silicon layer (9), but also — due to its 
nitride content—blocks and operates as a diffusion wall. 
And, this silicon oxynitride has an etching rate close to 
that of silicon oxides and so can use the same etchant. 

Specifically, the etching rate of silicate glass and 
silicon dioxides with dilute fluoric acid (HF) as the 
etchant is about 200~300D/min, and that for silicon 
oxynitride under the same conditions, with a refractive 
index of 1.67-1.87, is about 200D/min. So, even though 
made up with silicate glass layer (6) or silicon oxide 
layer (4), with the surface of the laminated structure a 
flattened interlayer dielectric film (7), silicon 
oxynitride layer (5) makes it possible to use a common 
etchant in the later etching process and so brings about no 
drop in operability. 

After completion of Figure 5' s process, second layer wiring 
(not shown in the figure) is added on flattened interlayer 
dielectric film (7) with no risk of breakage; and after 
repeating the prescribed processes, the semiconductor 
device is completed with a multi-layered wiring structure. 

(g) Effectiveness of Invention 

The manufacturing method of this invention, as is clear 
from the foregoing explanation, emplaces a silicon 
oxynitride layer between a silicate glass layer and 
conductive layers, so that when heat processing to do the 



flattening in an oxidizing atmosphere, the above-noted 
silicon oxynitride layer both serves as a blocking layer to 
prevent oxygen diffusion into the conductive layer and can 
be etched by the same etchant as the silicate glass, since 
their etching rates do not greatly differ. Thus, it helps 
to achieve flattening of the interlayer dielectric film 
without incurring a reduction in the size of the conductive 
layer or increases in resistance from oxidation of the 
underlying conductive layer surfaces, thus achieving 
flattening of said interlayer dielectric film without 
inviting lessened operability in the later interlayer-f ilm 
etching process. 

4 . Simple Explanation of Figures 

Figures 1 through 5 are cross-sectional diagrams showing 
each process in this invention's manufacturing method. 
Figures 6 and 7 are cross-sectional diagrams illustrating 
the usual method. Figure 8 is a cross-sectional diagram 
explaining still another usual method. 

[Keying Symbols] 



(1) ... 


Semiconductor substrate 


(2) ... 


Surface-insulating film 


(3) ... 


Conductive layer 


(4) ... 


Silicon dioxide film 


(5) ... 


Silicon oxynitride layer 


(6) ... 


Silicate glass layer 


(7) , (8) 


Interlayer dielectric film 


(9) ... 


Non-monocrystalline silicon layer 
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